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(54) Preparation of halopropyldimethylchlorosilanes 



(57) A halopropyidimethyichiorosilane is prepared 
by reacting dimethylchlorosilane with an ally! haiide in 
the presence of an iridium catalyst. The reaction is ef- 
fecteci' m the presence of an internal olefin obmpound, 



typically 1 ,5-cyclooctadiene. The internal olefin coni- 
pound suppresses deactivation of the iridium catalyst 
during reaction. Using a smaller amount of the iridium 
catalyst, the process produces the halopropyldimethyl^i^f 
chlorosilane in high yields. 
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Description 

[0001] This invention relates to a process for preparing halopropyldimetliylchlorosilanes which are useful as inter- 
mediates for the synthesis of various silane coupling agents and as modifiers for silicone fluid. 

BACKGROUND 

[0002] Halopropylchlorosilane compounds are used as intermediates for the synthesis of various silane coupling 
agents and as modifiers for silicone fluid. These compounds are generally synthesized by reacting allyl halides with 
hydrogenchlorosilane compounds such as trichlorosilane, methyldichlorosilane and dimethylchlorosilane. In the reac- 
tion, platinum and rhodium-containing compounds are used as the catalyst. 

[0003] The process of preparing halopropylchlorosilane compounds using platinum-containing compounds is dis- 
closed, for example, in USP 2,823,218, 3,814.730, 3,715,334, 3,516,946. 3.474.123, 3.419.593. 3.220,922, 3,188.299, 
3,178,464, and 3,159,601. The process using rhodium-containing compounds is disclosed, for example, in USP 
3,296,291 and 3,564,266. Most of these processes use trichlorositane and methyldichlorosilane as the hydrogenchlo- 
rosilane compound. 

[0004] The use of trichlorosilane and methyldichlorosilane as the hydrogenchlorosilane compound is described in 
many patents as noted above. However, the use of dimethylchlorosilane is described in few patents because of low 
selectivity of reaction, although the end products, halopropyldimethylchlorosilane compounds are useful as interme- 
diates for the synthesis of various silane coupling agents and as modifiers for silicone fluid. Uniquely Japanese Patent 
No. 2938731 is directed to the preparation of a halopropyldimethylchlorosilane compound using an iridium complex. 
This process, however, suffers from the problem that a large amount of the expensive iridium complex must be used 
as the catalyst, and is thus not regarded as advantageous in practicing on an industrial scale. 
[0005] An object of the invention is to provide a simple process suitable for preparing halopropyldimethylchlorosilanes 
on an industrial scale. 

[0006] The invention pertains to a process for preparing a halopropyldimethylchlorosilane of the following general 
formula (1): 

XCH2CH2CH2Si(CH3)2CI (1 ) 

wherein X is chlorine, bromine or iodine, by reacting dimethylchlorosilane with an allyl halide of the following general 
formula (2): 

(2) 

wherein X is as defined above in the presence of an Iridium catalyst. Quite unexpectedly, the inventor has found that 
deactivation of the iridium catalyst during reaction is suppressed by adding an intemal olefin compound of the following 
general fomnula (3) to the reaction system. 




Herein Ri and each are a monovalent hydrocariDon group having 1 to 10 carbon atoms; R'* and R^ may join to form 
a ring system. R^ and R^ are hydrogen or monovalent hydrocarbon group having 1 to 10 carbon atoms. Even when 
the amount of the iridium catalyst used is reduced, the halopropyldimethylchlorosilane is produced in high yields. 
[0007] The invention provides a process for preparing a halopropyldimethylchlorosilane of the general formula (1): 

XCH2CH2CH2Si(CH3)2CI (1) 

by reacting dimethylchlorosilane with an allyl halide of the general formula (2): 



1 *- 



XCH2CH=CH2 
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XCH2CH=CH2 (2) 

in the presence of an Iridium catalyst, characterized in that the reaction is effected in the presence of a compound of 
the general formula (3): 



r2 




Herein, X and to are as defined above. 

DETAILED DESCRIPTION; PREFERRED AND OPTIONAL FEATURES 

[0008] The starting reactant to be reacted with dimethylchlorosilane is an allyl halide of the general fomriula (2): 

XCH2CH=CH2 (2) 

wherein X is chlorine, bromine or iodine. Specifically, the allyl halides are allyl chloride, allyl bromide and allyl iodide. 
The amount of the allyl halide used is not critical although it is prefen-ed to use 0.5 to 2.0 mol. especially 0.9 to 1 .2 mol 
of allyl halide per mol of dimethylchlorosilane. 

[0009] The iridium catalyst used herein encompasses iridium salts and iridium complexes. Exemplary Iridium salts 
are iridium trichloride, iridium tetrachloride, chloroiridic acid, sodium chloroiridate and potassium chloroiridate. The 
iridium complexes include those represented by the following general formula (4): 



[lr(R)Y]2 (4) 

wherein R is a diene compound and Y is chlorine, bromine or iodine. Illustrative examples of the iridium complexes of 
formula (4) include.di-^-chlorobisfe-l ,5-hexadiene)-dliridium. di-^i-bromobis(^-1 ,5-hexadiene)diiridium, dl-fi-iodobis(^i- 
1 ;5-hexadienejdiiri3iurri, di-M.-chlbrobis(ji-1 ,5-cycio5ctediene)dliridium. dl-ji-bromobis(^-1 ,5K:yclo-octadlene)diiridium, 
di-n-iodobis(^i-1,5-cyclooctadiene)-diiridlum, di-^-<:hlorobis(^i-2,5-nortDornadiene)diiridium, dl-|i-bromobls(|x-2,5-nor- 
bornadiene)diiridium, and di-|x-iodobis{ji-2,5-norbornadiene)diiridium. 

[0010] No particular limit is imposed on the blending ratio of the iridium catalyst although it is prefenred to use the 
iridium catalyst in such amounts as to give 0.000001 -to 0.01 mol, especially 0.00001 to 0.001 mol of iridium atom per 
mol of dimethylchlorosilane. Less than 0.000001 mol of the catalyst may fail to exert significant effect whereas more 
than 0.01 mol of the catalyst may not provide reaction promoting effects con-esponding to the increment of the catalyst. 
[0011] The reaction is earned out in the presence of intemal olefin compound of the formula (3). 




Herein R'' and R2 each are a monovalent hydrocartDon group having 1 to 10 cartoon atoms, or R'' and R^, taken together, 
may form a ring. R^ and R'* each are hydrogen or a monovalent hydrocariion group having 1 to 1 0 cariDon atoms. When 
hydrocartDon, R^ and/or R^ may or may not be in a ring system. The compound is typically aliphatic or alicyclic. R'' and 
R2 may be cis or trans. The compound may have one or more unsaturations, provided that at least one is not at a 
chain end. Preferred compounds are linear, branched and cyclic (optionally polycyclic) alkenes. Examples Include 
2-hexane, 3-hexene, 2-heptene, 2-octene, 4-octene, 2-decene, 5-decene, cyclopentene, cyclohexene, 2-nori3omene, 
1.3-cyclohexadiene, 1.4-cyclohexadiene, 4-vinyl-1 -cyclohexene, 1,5-cyclooctadiene, 2,5-norbomadlene, 5-vinyl- 
2-norit)omene. and terpenes e.g. limonene. From the reactivity and catalyst slability standpoints, 1.5-cyclooctadiene 
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is most preferred. 

[0012] No particular limit is imposed on the amount of the compound of formula (3) used although it is preferred to 
use 0.5 to 10,000 mol, especially 1 to 1 ,000 mol of the compound per mol of iridium atom in the iridium catalyst. Less 
than 0.5 mol of the compound may fail to exert the desired effects whereas more than 10,000 mol of the compound 
5 may fail to provide effects con-esponding to that amount and cause more by-products to form, resulting in reduced 
yield and purity. 

[001 3] The reaction will proceed in a solventless system although a solvent is used if desired. Useful solvents include 
hydrocarbon solvents such as pentane, hexane, cyclohexane. heptane, octane, isooctane, benzene, toluene, and 
xylene; ether solvents such as diethyl ether, tetrahydrofuran, and dioxane; ester solvents such as ethyl acetate and 
10 butyl acetate; aprotic polar solvents such as acetonitrile; and chlorinated hydrocarbon solvents such as dichlorometh- 
ane and chloroform, which may be used alone or in admixture of two or more. 

[0014] The reaction temperature is not critical. A temperature in the range of about 0**C to about 200**C, especially 
about 10°C to about lOO^C is prefen-ed when reaction is effected under atmospheric pressure or under pressure. The 
reaction time is usually from about 1 hour to about 10 hours. 
15 [001 5] According to the invention, the above-described reaction yields a halopropyldimethylchlorosilane of the gen- 
eral formula (1): 

XCH2CH2CH2Si(CH3)2CI (1) 

20 

wherein X is chlorine, bromine or iodine. Specifically, the silanes are 3-chIoropropyldlmethylchlorosilane, 3-bromopro- 
pyldlmethylchlorosilane, and 3-iodopropyldimethylchlorosilane. 

EXAMPLE 

[0016] Examples of the invention are given below by way of illustration and not by way of limitation. 
Example 1 

30 [0017] A flask equipped with a stin-er, reflux condenser, dropping funnel and thermometer was charged with 153.0 
g (2.0 mol) of allyl chloride, 67.2 mg (0.0001 mol) of di-|i-chlorobis(ji-1,5-cyclooctadiene)diiridium, and 0.43 g (0.004 
mol) of 1 ,5-cyclooctadiene and heated at 35''C. Once the internal temperature was stabilized, 189.2 g (2.0 mol) of 
dimethylchlorosilane was added dropwise over 6 hours. During the dropwise addition, the reaction mixture continued 
to be exothermic. After thecompietipn of dropwise additlpn, the reactipp..sp^^^^^^^ for one hour at 40°C, Th?.-...,... 

35 reaction solution was distilled, collecting 31 7.2 g of a fraction having a boilihg point of 84^C/6.7 kPa, which was 3-GhiOr:r;?v.-r 
ropropyldimethylchlorosilane (yield 92.7%). 

Example 2 

***** .^^ 

^ [0018] A flask equipped with a stirrer, reflux condenser, dropping funnel and thermometer was charged with 153.0 
g (2.0 mol) of allyl chloride. 67.2 mg (0.0001 mol) of dl-|x-chlorobis(M.-1.5-cyclooctadiene)diiridium, and 0.33 g (0.004 
mol) of cyclohexene and heated at 35°C. Once the intemal temperature was stabilized, 189.2 g (2.0 mol) of dimethyl- 
chlorosilane was added dropwise over 6 hours. During the dropwise addition, the reaction mixture continued to be 
exothemnic. After the completion of dropwise addition, the reaction solution was stirred for one hour at 40''C. The 

^5 reaction solution was analyzed by gas chromatography, finding a conversion of 81 .5%. 

Comparative Example 1 

[0019] Reaction was effected as in Example 1 except that 1,5-cyclooctadiene was omitted. The reaction mixture 
so ceased to be exothennic after approximately 50% of the predetermined amount of dimethylchlorosilane had been 
added dropwise. The final conversion was as low as 50.5%. 

Example 3 

55 [0020] A flask equipped with a stinger, reflux condenser, dropping funnel and thermometer was charged with 153.0 
g (2.0 mol) of allyl chloride, 1.9 g (0.0002 mol) of a 2 wt% butanol solution of chloroiridic acid, and 2.2 g (0.02 mol) of 
1,5-cyclooctadiene and heated at 35°C. Once the internal temperature was stabilized, 189.2 g (2.0 mol) of dimethyl- 
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chiorosilane was added dropwise over 6 hours. During the dropwise addition, the reaction mixture continued to be 
exothemnic. After the completion of dropwise addition, the reaction solution was stin-ed for one hour at 40°C. The 
reaction solution was analyzed by gas chromatography, finding a conversion of 73.9%. 

5 Comparative Example 2 

[0021] Reaction was effected as in Example 3 except that 1 ,5-cyclooctadiene was omitted. After one hour of stirring 
at 40^C, the conversion was as low as 8.3%. 

[0022] There has been described a process for the preparation of a halopropyldimethylchlorosilane compound from 
10 dimethylchlorosilane and an allyl halide in the presence of an iridium catalyst wherein an internal olefin compound is 
added to the reaction system for suppressing deactivation of the iridium catalyst during reaction, whereby the halopro- 
pyldimethylchlorosilane is produced in high yields despite a smaller amount of the iridium catalyst. The invention en- 
ables the efficient production of halopropyldimethylchlorosilane on an industrial scale. 
[0023] Japanese Patent Application No. 2000-142128 is incorporated herein by reference. 
15 [0024] Although some preferred embodiments have been described many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to be understood that the invention may be practiced otherwise 
than as specifically described in the Examples. 



20 Claims 

1. A process for preparing halopropyldimethylchlorosilane of the following general fomiula (1): 



25 
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35 



40 



45 



50 



XCH2CH2CH2Si(CH3)2CI (1) 

wherein X is chlorine, bromine or iodine, by reacting dimethylchlorosilane with allyl halide of the following general 
formula (2): 

XCH2CH=CH2 (2) 

wherein X is as defined above in the presence of iridium catalyst, characterized in that 
the reaction is effected in^he presence of compound of the following.generaj fprmi^^^ 




(3) 



55 



wherein R'' and R^ are monovalent C-,.-to hydrocarbon groups which may join to form a ring system and R^ and 
R"* are hydrocarbon or monovalent hydrocarbon group having 1 to 10 carbon atoms. 

2. A process of claim 1 wherein the iridium catalyst is a compound of the following general formula (4): 

llr(R)Y]2 (4) 

wherein R is a diene ligand and Y is chlorine, bromine or iodine. 

3. A process of claim 1 or 2 in which the compound of formula (3) is aliphatic or alicyclic. 

4. A process of claim 1 or 2 wherein the compound of. formula (3) is 1 ,5-cyclooctadiene. 
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(54) Preparation of halopropyldimethylchlorosilanes 



(57) A haiopropyldimethylchlorosilane is prepared 
by reacting dimethylchlorosilane with an altyl halide in 
the presence of an iridium catalyst. The reaction is ef- 
fected in the presence of an internal olefin compound, 
typically 1 ,5-cyclooctadiene. The internal olefin com- 



pound suppresses deactivation of the iridium cataiysiV 
during reaction. Using a smaller amount of the iridium 
catalyst, the process produces the halopropyldim^^thyj.- 
chlorosilane in high yields. 
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